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| NTRCDUCTI ON

Nunerous studies in various parts of the world have established
that |ichens are useful bioindicators of air pollution, as reviewd
by Nash & Wrth (1988). Mst of these studies have been either field
studi es around maj or urban centers or known point sources of
specific pollutants. A wide variety of approaches, many of which
conbi ne data on lichen distribution with data on actual neasurenents
of pollutant concentrations in the air and in the |ichens
t hensel ves, have been used. Many studi es have been experinental in
nature, using fumgation or transplants.

In areas where extensive and detailed historical records are
avai l able, as in Europe and a few parts of North Anerica, re-
studyi ng those areas has often shown changes in the |ichen
flora that can be correlated wth changes in pollution |evels.

In nost parts of the United States, such historical records are not
avai | abl e. However, an increasing nunber of studies have

begun to collect baseline field data in National Parks and ot her
non-urban areas for the purpose of being able to follow future
changes in air quality in those areas. The present studies are part
of a series of baseline studies on lichens and air quality in d ass
| Wldernesses in California that are nanaged by the U S. Forest
Servi ce Region 5.

BACKGROUND

Only a few previous studies have focused on lichens in
California. Floristic studies have been nade for Sequoia and Kings
Canyon National Parks (Smth, 1980), The San Joaqui n Experi nment al
Forest (Hebert & Meyer, 1984), Sequoia National Park (Wtnore, 1985)
and the Eastern Brook Lakes Watershed (Ryan & Nash, in prep.). Sone
general inpressions on the present occurrence of |ichens
particularly foliose and fruticose kinds) in California is avail able
fromthe recently published popular treatnent by Hale & Cole (1989).
The earliest lichen collections in California were nade by Bol ander
and others in the mddle to late 1800's (Tuckernman, 1882). Detail ed
floristic treatnents and keys were published for southern California
by Hasse (1913) and for the Santa Cruz Peninsula by Herre (1910),
and a catalog of the lichens of the state (with an extensive
bi bl i ography) was published by Tucker & Jordan (1979). However,
little published information on the past distribution and relative
abundance of species in nost areas of the state is avail able for
conpari sons.

Thus the primary purpose of the present series of
I nvestigations into lichens in California wldernesses is to provide
baseline data that can be used for future nonitoring of air quality.
In the case of the San Gabriel W/ derness, sone general concl usions



about pollution inpacts that have already occurred have been nade.
Data and concl usions for the individual wldernesses are presented
in a series of separate reports; the present report presents

i nformati on applicable to nore than one w | derness, and nmakes sone
conpari sons anong the w | der nesses.

COVPARI SON OF STUDY AREAS

The | ocations of the wi | dernesses investigated in this study
are shown in Fig. 1. In order to conpare the |lichen vegetation of
the different wi |l dernesses, a brief conparison of the environnental
conditions found in these wildernesses i s needed.

Substrates and Habitats for Lichens

Al'l of the rocks in the Wl derness areas studied are siliceous,
and nost are granitic or other types of netanorphic rocks, although
vol cani c rocks occur in a few parts of the Em grant W/I derness,
and ultramafic (serpentine) rocks are found in the Marbl e Muntain
W | der ness.

The vascul ar vegetation, including the dom nant trees or shrubs
that are avail able as substrates for |lichens, varies considerably
anong the wil dernesses. Pines (Pinus) and Firs (Abies) occur in al
of them and OCaks (Quercus) occur in all but the Desol ation
W derness. Junipers (Juni perus) are an inportant substrate in the
Desol ation Wl derness, while Alders (Al nus) are inportant tree
species in parts of the Marble Mwuntain WI derness. Chaparra
shrubs dom nate parts of the southern w | dernesses.

These differences in vascul ar vegetation partly refl ect
ot her differences anong the w | dernesses, especially in tenperature
and noi sture conditions, which in turn are affected by the el evation
and geographi cal |ocations. The northernnost w | derness (Marble
Mount ai n) experiences the col dest average tenperatures and hi ghest
annual precipitation of the wldernesses investigated in this study.
The San Gabriel and Agua Ti bia w | dernesses, located in the southern
end of the state and occurring partly at fairly | ow el evati ons (down
to about 500 m) are warnmer than the other w |l dernesses studied, and,
in contrast to the wildernesses in the Sierras (Desol ation and
Em grant), receive | ess annual precipitation but nore of it in the
formof rain (or fog) rather than snow. The Sierran w | dernesses
occur primarily above 2000 m whereas the others occur nmainly or
entirely bel ow 2000 m

Exposure to Pol | ution

The San Gabriel W/ derness, |located close to the Los Angel es
urban area, obviously experiences the high levels of pollution. Air



pol lution inpacts in nost of the other w |l dernesses are nost |ikely
to be chronic I owlevel effects of acid precipitati on and oxi dant
pollution originating primarily frommgj or urban centers nostly on
the California coast. Sone |ocalized effects fromthe cities and
roads can al so be expected.

METHCDS

The nethods used in this study are based on those in the
Cctober 17, 1988 draft Lichen Mounitoring Protocol for U S. Forest
Service Region 5, with sone nodifications as described bel ow.

Due to tine limtations, no transplant experinments were attenpted,
and nost of the enphasis in the field work during the 1989 field
season was on the floristic survey.

Floristic Survey

A total of over 3000 |ichen specinmens were collected in
various localities wwthin and adjacent to the the w | dernesses. Mny
nore speci nens were al so collected fromother areas of California
during the summer and fall of 1989. Wthin each w | derness, efforts
were nade to sanple as wide a range of el evations and habitat types
as feasible, and to represent different major parts of the area. The
specinmens will be deposited in the herbariumat Arizona State
University (ASU); whenever possible, sufficient material was
coll ected so that duplicates can be sent to the individual Forest
Service offices. The collections nmade fromthe San Gabri el
W |l derness by M Neel are also being deposited at ASU.

The nonencl ature of the lichen species listed in the reports
generally follows that of Egan (1987). Although considerable
time and effort has been expended in identification of the taxa, and
the species lists presented at this time are probably 80 to 90%
conpl ete, sone of the determ nations are necessarily sonmewhat
tentative, due to the | ack of adequate keys, descriptions, and
aut hentic conparison material for many of the genera. In particular,
t he common and species-rich crustose genera, especially Aspicilia,
Lecanora, and Lecidea, and few of the comon macrolichen genera,
especially Bryoria, Cadonia and Physcia, are quite chall enging.
Fol | om ng the common practice in |ichenol ogical work, expression
"cf." has been used to indicate identifications that are very
tentative. However, for the purposes of these studies, enphasis nust
be placed on taxa that can be identified (at |least to genus) wth
rel ative ease.

Sem -technical keys to the |ichens of each w | derness,
enphasi zing field recognition characters are being prepared,
to facilitate identification of at |east the nore conspi cuous



and distinctive taxa that are potentially nost useful for pollution
nonitoring; these keys will be nade avail abl e separately to Forest
Servi ce personnel in the future, as feasible.

Long Term Monitoring

Only a very limted nunber of permanent plots were established
during the sumer of 1989, nostly in the Desol ati on and Em grant
W dernesses. These plots were of two kinds, as described bel ow.
Recommendati ons for future establishnment of plots are made in this
report and in the individual reports.

1. Transects on Trees. Only the "short transects", using the
"dotionmeter" described in the protocol were established in 1989.

2. Quadrats on Rock. It was found that a canera with a
28 mm |l ens provided the appropriate size field of view when the
"quadpod” was used. The quadpod set-up was not entirely
satisfactory, and several inprovenents are now being incorporated
into it (Bob Doty, pers. comm).

A separate critique of the existing protocol, wth suggestions
for inprovenents based on the experience of trying to use it in
t hese studies has been submtted to the Region 5 office of the
Forest Service.

The original data sheets and photographs are deposited at the
of fices of the Forests responsible for the particular WI derness
ar eas.

El enent Anal yses

A very limted nunber of sanples of various lichens (nostly
Letharia spp.) were collected fromone or nore localities in
each wi | derness, and have been sent to Dr. Phil Rundel at UCLA or
el enent analysis. The results of these analyses will be presented in
a supplenental report after they becone avail abl e.

Laboratory Wrk

Specinens fromthe floristic survey were curated in paper
packets, exam ned with a dissecting mcroscope and, when necessary,
with a conmpound m croscope, for identification. For sone genera
(e.g., Xanthoparnelia), secondary chem cal constituents were
anal yzed by thin-1layer chronmatography.




RESULTS AND DI SCUSSI ON
Speci es Conposition of Lichens in the Various w | dernesses

Asi de from taxononi cal uncertainties, conparisons of the
lichen floras of the different wilderness is hanpered by differences
in the inclusion of species fromareas adjacent to but outside
of the boundaries, the size of the w | dernesses and the thoroughness
of the explorations nade for |ichens. Thus the species |ist
for the San Gabriel Wlderness is inflated, while the lists for
the others are probably underesti mates, due to the inaccessibility
of many areas. However, keeping these problens in mnd, it is stil
possi bl e to nake rough conparisons of the mninumtotal species
ri chness of the lichen floras in the wildernesses and the relative
conposition in terns of major growh forns and predom nant taxa
(note: in these conparisons, squanul ose species are treated as
crustose; species of the crustose genera Aspicilia, Lecanora, and
Leci dea sensu lato are nunmerous in all of the WI dernesses).

Mar bl e Mountain wil derness: 170+ species (15+ fruticose --
nostly species of C adonia and Bryoria; 55+ foliose--nostly species
of Melanelia, Parnelia, Peltigera and Physcia; 100+ crustose--
especially rich in species of Cal opl aca and Rhi zocar pon).

San Gabriel WI derness: 155+ species" (9+ fruticose--nostly
Cl adoni a spp.; 50+ foliose--nostly species of Physcia sensu |ato,
Unbilicaria and Xant hoparnelia; 94+ crustose--especially rich in
speci es of Acarospora, Cal oplaca and Rhi zocar pon).

Em grant W/ derness: 90+ species (7 fruticose; 30+ foliose--
nostly speci es of Physcia and Unbilicaria; 53+ crustose--rich in
speci es of Cal opl aca and Rhi zocar pon).

Desol ati on W1 derness: 90+ species (6+ fruticose; 20+ foliose--
nostly Unbilicaria spp.; 64+ crustose--rich in Rhizocarpon spp.).

Agua Tibia WIderness: 90+ species (6 fruticose; 40+ foliose--
nostly species of Physcia sensu |ato and Xant hoparnelia; 44

crustose--rich in Cal opl aca spp.).

Di stribution of Major Lichen Taxa Anong the W /I der nesses

As di scussed bel ow, many of the same |ichen species were found
in all of the wildernesses studi ed, but other taxa were nore
restricted in distribution.



Speci es on bark or wood

Probably the greatest variation anong the lichen floras of the
different wildernesses was in the corticolous or 1ignicolous
species, especially the macrolichens (foliose and fruticose taxa).

Only a few taxa on bark or wood, such as Hypogymni a i nshaugi
and Letharia spp., occurred in all the w | dernesses, but were
nore abundant and better devel oped in the northern ones. A greater
di versity of Hypogymni a species occurred in the Marbl e Muntain
W derness than in the others.

Bryoria abbreviata was found in the three northern
wi | der nesses, but only the Marble Mountain w | derness had a rich and
abundant flora of Bryoria species. with the exception of a single
thallus found in the Desol ati on WI derness, the genus Usnea was
found only in the Marble Mountain w |l derness. Quite a few ot her
macrol i chens were found in the Marble Mountain WI derness but not in
the others: Alectoria spp., Esslingeriana idahoensis, Lobaria
linita, Nephroma spp., and Pseudocyphell aria spp. The genus
Tucker mannopsi s was al so best devel oped in the Marble Muntain
Wl derness. Al of these are taxa that are best devel oped from
northern California to the Pacific Northwest, and their absence from
the southern wi |l dernesses is not surprizing.

Speci es of Melanelia occurred in all the w ldernesses, but M
gl abra and M subolivacea were dom nant |ichens only in the
two sout hern ones. Likew se, species of Physcia sensu |ato were best
devel oped on trees in the San Gabriel and Agua Ti bia w | dernesses,
and Candel aria concolor was found only in those two w | dernesses,
where it was fairly frequent.

Evernia prunastri and Platisnmatia glauca were found only In the
Mar bl e Mountain and Agua Ti bia w | dernesses, but were not conmon in
ei ther. Ahtiana sphaerosporella, a species with northwestern
affinities, was found only in the Desol ation WI derness.

Conparisons anong the crustose |ichens on bark or wood are
hanpered at present by difficulties in identification of species,
but it can be stated that, as m ght be expected, species of the
| arge genera Lecanora, and Leci dea sensu |lato were conmon on

trees in all the wldernesses, while other genera, such as Calicium
Cyphelium and Cchrol echia were nore restricted in distribution.

Speci es on soil or nobss

O the terricolous or nuscicolous species, the C adonia
chl or ophaea conpl ex, Lepraria spp., and Leptogi um californicum




occurred in all the wldernesses, while Leptochidium al bociliatum
and Peltigera rufescens occurred in all but one. The genus

Pel tigera was nore diversely represented in the Mrble Muntain,
San Gabriel and Agua Tibia w | dernesses than in the Sierran sites,
whi | e C adoni a was perhaps best represented in the Marble Muntain
W derness. Trapeliopsis wallrothii was found only in the San
Gabriel wlderness, although it was al so abundant in areas adjacent
to the Marbl e Muntain WI derness.

Speci es on rock

A large portion of the species found on rock occurred in
all or alnost all of the wildernesses. This includes the crustose
taxa Aspicilia caesiocinerea and related species, Candelariella
spp., the Lecidea atrobrunnea conpl ex, Rhizocarpon bol anderi
the U. geographi cum conpl ex, and the foliose species Urbilicaria

phaea.

Acar ospora chl orophana, Dermatocarpon m niarum Lecanora
polytropa and L. sierrae were found in all but the Agua Tibia
W derness. Lecanora senitensis was found in all but the San Gabri el
W | der ness.

The fruticose genus Pseudephebe, the foliose genus Unbilicaria
(other than U. phaea}, and the crustose species D nel aena thysanota
were best represented in the San Gabriel W/ derness and the two
Sierran wi | dernesses, while Xant hoparnelia was abundant and diverse
only in the southernnost two wi | dernesses. The foliose genus
Parnelia (sensu stricto) was best devel oped in the Marble Muntain
W | der ness.

Bel | nerea spp. were found only in the three northern w | dernesses.
Lecanora "pseudonell ea” was found only in the two Sierran

W | dernesses, while tbe true L. nellea occurred in the two southern
wi | dernesses and at | ow el evation sites outside the Em grant and
Mar bl e Mountai n wi | der nesses.

Abundance and Condition of Lichens in the w | dernesses
Definite differences in the abundance, evenness of the species
di versity, and types of distribution patterns of the Iichens were
found anong the w | der nesses.

In the nost of the w | dernesses, coniferous or other softwood
trees were frequently either covered heavily and al nost excl usively
by Letharia spp., or else fairly barren of lichens, especially at
t he hi gher el evations where oaks or other hardwoods were present,
the lichen flora was usually nore diverse, but fairly uniformover
| arge areas of the wlderness. In the San Gabriel W]I derness,
conifers were quite frequently barren of l|ichens, and oaks were



either barren or, in nore protected sites, dom nated by Ml anelia
spp. By contrast, in the Marble Muntain WI derness, both softwood
and hardwood trees usually had heavy and diverse |ichen coverage,
whi ch varied considerably in conposition depending on the kind of
trees and the habitat conditions in different parts of the

wi | der ness.

In all of the wldernesses, the |ichen vegetation on soil or
noss was rather spottily distributed and dependent on the
availability of suitable (usually noist) mcrohabitat conditions,
which were fairly rare except in the Marble Muntain W] derness.

The vegetation on rocks was nmuch nore w despread in occurrence,
usually with relatively few species dom nant in a given area,
but with various richer assenbl ages of taxa in particular habitats.
In the Sierran and southern w | dernesses, the lichen vegetation
was best devel oped on the relatively few | arge outcrops in noist or
shaded habitats, whereas in the Marble Muntain w | derness, the
rocks in nore exposed sites had the nost |uxuriant and diversified
floras.

Wth the exception of atypical specinmens of a few taxa
(especially Hypogymmia i nshaugii) in the Agua Tibia and Sierran
wi | der nesses, obvi ous signs of damage or degeneration or reduced
abundance or fertility that m ght be attributable to air pollution
were observed only in the San Gabriel W/ derness, as described in
that report.

The total lichen flora found in the San Gabriel W] derness and
vicinity in this study and that of Neel (1987) is rather |arge and
di verse in conparison to that found in nost of the other
wi | dernesses we examined in 1989 (other than Marble Muntain). This
may be partly a reflection of the greater thoroughness with which
this w | derness was surveyed, and of the inclusion of a nunber of
speci es from adj acent areas.

Several of the sites in the San Gabriel W] derness, along the
edge of the Wl derness (especially 5 24 and 25) or near the
wi | derness (especially 3 and 8) exhibited well devel oped |ichen
vegetation (fairly high cover and diversity). However, as in nost of
the other w | dernesses exam ned, nuch of this diversity and cover
consi sts of crustose species, and species on rocks rather than
trees.

Al t hough several of the sites in the San Gabriel W] derness did
have a relatively high diversity and cover of |ichens on bark, this
was nostly on hardwood trees (especially OGaks), which throughout
much of California have a richer lichen flora than conifers (which
are frequently either nostly barren or covered mainly by a few



dom nant taxa, often Letharia spp.). Mich of the San Gabri el

Wil derness is at fairly | ow el evati ons, where oaks are anong the
domi nant trees. In contrast, the wildernesses in the Sierra Nevada
and Kl amath Muntains are nostly at high el evations, where conifers
predom nate, and the lichen flora on bark was often found to be
richer at | ower elevations outside those w | dernesses.

Contrasting with the "rich" sites in the San Gabriel w | derness
and vicinity are the nunerous sites where even the |ichen vegetation
on rocks was inpoverished or absent. The poor devel opnent of the
l'ichens in dry, exposed sites, or the restriction of nost |ichens at
sonme sites to certain habitats, may partly reflect a situation due
to "natural" causes, but there are other possible explanations.
Habitats that are nore “sheltered” against heat and drought may al so
be | ess exposed to air pollution. Also, if the |lichens are being
stressed by air pollution, they may survive better in habitats that
are nore optimal for their growmh, rather that in “nmarginal’
habitats where they mi ght otherw se be able to grow.

Beyond t hese comments on diversity and cover, it nust be
remenbered that even in those sites in the San Gabriel w | derness
where the lichen vegetation appears to be well devel oped, obvi ous
signs of deterioration in the condition of the Iichens were
observed. It must also be enphasized that conparison of the present
lichen vegetation with historical information indicates definite
| osses of diversity and decreases in the abundance and heal t hi ness
of the lichens in the general area around the San Gabrie
W | der ness.

CONCLUSI ONS

Al t hough many of the sane species or genera of |ichens occur in
all of the wldernesses exanined, there are nmajor differences in the
i chen vegetation anong the different w | dernesses, many of which
can be attributed to differences in natural environnental factors.
Definite evidence of the effects of air pollution on the lichens is
presently seen only in the San Gabriel W] derness. The data
presented in this study will allow future nonitoring of the Iichens
inrelation to air quality in all of the w | dernesses studied.

Recommendati ons for Future Long-Term Monitoring

Specific suggestions for future long-termnonitoring are given
i n each of the separate reports. In general, plots should be
est abl i shed wherever suitable quantities of relatively easy-to-
recogni ze species occur. Although it is desirable to use species of
known sensitivity, the present |ack of sufficient information on
many species nakes this difficult in many cases. A prelimnary



listing of the pollution sensitivities of species found in one or
nore of the wilderness areas is given in Appendi x A

Furt her recommendations for establishnent of plots are given in
the separate critique of the protocol. In addition to establishing
nore plots and sanpling nore |ichens for el enent analyses in the
various w | dernesses, transplant experinents are highly recomended.
Li chens fromthe San Gabriel WIderness can be transplanted to the
ot her, presumably |ess polluted, w | dernesses, and vice-versa,
keeping in mnd the need to keep the natural features of the habitat
simlar. Transplants between the Agua Ti bia WIderness and the
others may provide information on recovery after fire. Transplants
bet ween the Marbl e Mountain W derness and the two wi | dernesses in
the Sierras may also yield interesting results.

It nust be renenbered that all of these nonitoring prograns are
| ong-range projects, which may not yield usable results for quite a
few years, due to the slow growh of nobst |ichen species (especially
crustose ones), but the results are potentially quite val uable.

Ecol ogi cal / Economi ¢ Significance of the Lichens

The significance of the past and potential decrease in the
abundance and diversity of lichens in the San Gabriel W] derness
and surroundi ng areas can be considered from several perspectives.
From t he econom c perspective, the lichens found in the California
wi | der nesses have few direct uses by man, and no maj or applications
at present. The two Letharia species are sonetines used in crafts
and in dyeing wool, and Unbilicaria species are also likely to be
used as a source of dyes; both of these genera are conmon in all of
the wi | dernesses. Lecanora sierrae, common in several of the
wi | der nesses, has been proposed as an aid for locating mning sites,
since it turns fromyellow sh to deep blue-green in the presence of
copper. Although many |ichens are known to produce antibiotic
subst ances, this has yet to be exploited to any significant degree,
at least in the United States.

The application of lichens to various fields of science
ot her than biology has also been Iimted, but a few taxa, especially
the yel |l ow Rhi zocar pon speci es, have been used, in sone parts of the
Sierras, for lichenonetry (dating of rock surfaces in relation to
gl aci ation).

Anot her point of viewis that of scientific (taxonom cal)
i nterest and concern for the preservation of biological diversity.
Most of the lichen species presently identified fromthe w | derness
areas are common over |arge areas of California or western North
America in general. However, one distinctive species (Rhizoplaca
gl aucophana, found only at one site several mles outside the




boundary of the San Gabriel WIlderness) is endemc to California and
only known froma few scattered localities around the state. Severa
taxa in the Marble Mountain WI derness (e.g., species of Lecanora,
Parneliella and Pseudocyphel |l ari a) appear to be undescri bed, or at

| east not previously known from North America, and others in nearhby
areas (e.g., Unbilicaria coccinea var. phaea) appear to be endem c
to a narrow area in northern California. Vestergrenopsis el aei na,
found in or near several of the wildernesses, is a primarily Arctic
speci es that has apparently not been reported from California

previ ously. Anot her species (Xanthoparnelia pertinax, found within
the Agua Tibia and San Gabriel W] dernesses) has previously been
known only from Australia, and has so far been found in North
Arerica only at a few localities in southern California during this
study in 1989.

Anot her perspective is that of concern for the functioning of
the ecosystem The nmin ecol ogical significance of lichens in the
Wl dernesses is likely to be in the production or stabilization of
soil. However, various taxa contain a cyanobacterial photobiont and
thus are potential. nitrogen fixers: nenbers of the genera Collema
Lept ochi di um Leptogi um Lobaria, Nephroma, Pannaria, Parneliella,
Pl acynt hium Pol ychi di um Pseudocyphell aria and Vest er gronopsis.
Except for Leptochidium Leptogiumand Peltigera, those
"cyanol i chens” were absent or fairly rare except in parts of the
Mar bl e Mountain W1 derness. Many |ichens provide habitats or food
for invertebrates; a few kinds, especially large fruticose taxa
(e.g., Usnea and other genera found in the Marble Muntain
W derness) may provide a food source for deer or other higher
ani mal s.

The | ast (and perhaps nost crucial) way of |ooking at the
significance of the lichens is by seeing themas indicators of the
envi ronnental conditions. |npoverishnent and deterioration of the
i chen vegetation provides a warning that other parts of the
ecosystem nay al so be endanger ed.



Figure 1. Map of California showing the locations of the five
wildernesses surveyed in 1989.
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APPENDI X A:
PCLLUTI ON SENSI TI VI TY

There is information on the pollution sensitivity of only
arelatively limted nunber of the lichen taxa found in the
W dernesses. Many of the lichens in these w | dernesses are
saxi col ous crustose taxa, on which few previous studi es have
been done. According to Hale (1982), saxicolous taxa, and crustose
taxa in general, are likely to be fairly tolerant to pollution.

The notes bel ow summari ze what can presently be said about the
pol lution sensitivity of lichens in the wildernesses. Wth a few
exceptions, the sensitivities attributed to these species are based
on floristic studies which have not yet been confirned by either
transpl ant experinents or fum gation studies. Reports based on
fum gation experinents are indicated by asterisks (*).

The sensitivity ratings are used bel ow only as rough
i ndications of the relative sensitivities expected. Although sone of
the cited authors, including Wtnore, have correlated their rating
systens to particular concentrations of pollutants, the criteria and
conditions used in the various studies are quite variable. Sone
aut hors, such as Hale (1982), did not explain the basis for their
ratings. It should also be noted that sensitivity is frequently
inferred on the basis of patterns observed in the field. Even where
t hese patterns correspond to known pollutant gradients, the factors
to which an apparently sensitive species responds cannot be known
absol utely. Transpl ant experinents and nuch nore extensive
fumgation work with different air pollutants and the species found
in this study are necessary.

Sensitivity to Sul phur D oxide

The maj or focus of nost previous |lichen/pollution studies
has been on sul phur di oxide. The sensitivities of the follow ng
species are rated according to the systemof Wetnore (1985):

S = sensitive, | = internediate, T = tolerant.
S Acar ospora chl orophana--Hal e (1982).

T Aspicilia caesiocinerea--Hale (1982).

S Bryoria capillaris--Follmn (1973).

I

Bryoria fuscescens--Wtnore (1985, 1987); Hawksworth & Rose
(1970); Wrth & Turk (1975*).

Bryoria gl abra--Skorepa & Vitt (1976).

Bryoria trichooes subsp. anericana--LeBlanc & Rao (1975).
Buel I i a punctata--Wtnore (1985, 1987, 1988); Gl bert (1973);
Johnsen & Sochting (1973), DeSl oover & LeBlanc (1968), DeW't
(1916), Wndler (1977).
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Caliciumviride--Wtnore (1985). Sonewhat tolerant (Zone 2)
according to Hawksworth & Rose (1970).

Cal opl aca cerina--Wtnore (1985, 1987, 1988); Hawksworth & Rose
(1970); LeBlanc & Rao (1975).

Candel ari a concol or--Wtnore (1985, 1987, 1988); Hawksworth &
Rose (1970), Skye (1968*).

Candel ariella vitellina--Wtnore (1985, 1987, 1988); DeSl oover
& LeBlanc (1968). Sone reports (e.g., Follman, 1973; LeBlanc &
Rao, 1975) treat this species anong the nore tol erant ones;
other reports (e.g., Seitz, 1972) treat it as a relatively
sensitive species.

Chrysot hri x candel ari s--Somewhat tol erant according to
Hawksworth & Rose (1970), but Skye (1968) found . it only in
the "normal zone".

Cl adonia finbriata--Wtnore (1985, 1987, 1988). LeBlanc & Rao
(1975) placed this species in the nost sensitive of their five
sensitivity ranks.

Evernia prunastri--Internedi ate according to Wetnore (1985);
DeSl oover & LeBl anc (1968); and Baddel ey, et al. (1973*).
Hawksworth & Rose (1970) placed this species in Zone 2 (second
nost tolerant of their five ranks), but Wrth & Turk (1975%*)
gave this species the fumgation rank of 8 (nbst sensitive of
the species they tested). Skye (1968*) and DeWt (1976) al so
treated it as sensitive.

Fl avopunctelia flaventior--Wndler (1977).

Hypocenonyce scal ari s--Internedi ate according to Wet nore (1985,
1987) and Seitz (1972). However, Hawksworth & Rose (1970)

pl aced this species in Zone 2, the second nost tol erant of
their five ranks, and Skye (1968) reported that this species
was restricted to the inner (nost polluted) zone.

Lecanora nuralis--Wtnore (1985, 1987).

Lecanora saligna--Wtnore (1985, 1987,1988). LeBlanc & Rao
(1975) placed this species in the nost tolerant of their five
ranks.

Leci dea atrobrunnea--Hale (1982).

Leci del | a euphor ea—Skye (1968).

Lepraria i ncana--Hawksworth & Rose (1970), LeBlanc & Rao
(1975), Skye (1968), DeWt (1975), and nmany other reports.

Let haria vul pi na--Wtnore (1985).

Mel anel i a exasperatul a--Skye (1968); DeSl oover & Lebl anc
(1968); Hawksworth & Rose (1970); LeBlanc & Rao (1975).

Mel anelia fuliginosa--Wtnore (1987); DeSl oover & LeBl anc
(1968); Hawksworth & Rose (1970); Jurging (1971). Skye (1968*)
suggested that this species nmay be sonmewhat sensitive.

Mel anelia subaurifera--Wtnore (1985, 1988), Skye (1968*).
Nephroma paril e--Skye (1968) .

Qchrol echi a androgyna--Wtnore (1987).

Parnelia saxatilis--Intermnmediate according to Wtnore




(1985, 1987). Sone authors, including Hawksworth & Rose (1970),
Seitz (1972), and Baddel ey, et al. (1977*), regarded this
species as noderately tolerant. Qthers, such as DeSl oover &
LeBl anc (1968), Wrth & Turk (1975*) and DeWt (1976) place
this species sonewhat closer to the sensitive end of the
spectrum

Parnelia sulcata--Internediate to tol erant according to Wetnore
(1985, 1987, 1988); Hawksworth & Rose (1970), Johnsen & Sochting
(1973), Wrth & Turk (1975*). LeBlanc & Rao (1975) treated this
as a tolerant species. On the other hand, workers suggesting
that it is fairly sensitive include Pisut (1962), Skye (1968*),
DeWt (1976), Wndler (1977) and Taylor & Bell (1983).

Par nmel i opsi s anbi gua--Internedi ate according to Wetnore (1985,
1987). Hawksworth & Rose (1970) and LeBlanc & Rao (1975) place
this species sonewhat closer to the tolerant end of the
spectrum and Wetnore (1988) suggested that it may even be

i ncreasing in abundance in polluted areas. On the other hand,
DeSl oover & LeBlanc gave it a fairly high "toxi phoby" rating (9
or 10, with 12 being the nbst sensitive).

Par nel i opsi s hyperopta--Wtnore (1987).

Peltigera canina--Likely to be "least sensitive" according to
Hal e (1981), but found only in the "normal zone" according to
Skye (1968).

Phaeophyscia orbicularis--Internedi ate according to Wtnore
(1987), De Sl oover & LeBlanc (1968), Johnsen & Sochting (1973).
However, Pisut (1962), Seitz (1972) and Leblanc & Rao (1975)
treated it as a fairly sensitive species.

Phlyctis argena--Skye (1968*), DeWt (1976).

Physci a adscendens--Wetnore (1985, 1988), DeSl oover & LeBl anc
(1968), Johnsen & Sochting (1973), Le Blanc & Rao (1975), Marti
(1983*). Hawksworth & Rose (1970) put in in zone 2 (somewhat
tolerant), while Seitz (1972) reported it fromthe "outer, |ess
pol |l uted zone."

Physcia ai polia--Internediate according to Wetnore (1985, 1987)
and Hawksworth & Rose (1970), but DeSl oover & LeBlanc (1968)
and LeBlanc & Rao (1975) considered it somewhat sensitive.
Physci a caesi a--DeSl oover & LeBl anc (1968).

Physci a dubi a--Wtnore (1985), Johnsen & Sochting (1973).
Physcia stellaris--Wtnore ( 1985, 1987, 1988) , DeSl oover &
LeBl anc (1968), LeBlanc & Rao (1975), Marti (1983). Skye (1968)
found it only in the "normal zone".

Physcia tenella--Internediate according to Wetnore (1985) and
DeSl oover & LeBlanc (1968). Seitz (1972) and DeWt (1976)
treated it as a sonewhat sensitive species; Hawksworth & Rose
(1970) placed it in zone 2 (somewhat tolerant).

Physconi a detersa--LeBlanc & Rao (1975). Most North Anmerican
reports on "Physcia grisea" are probably based on P. detersa.
Physconi a di storta--Johnsen & Sochting (1973).

Physconi a ent er oxant ha-- Skye (1968%*).




I Plati smatia gl auca--Internedi ate according to Wetnore (1985).
DeSl oover & LeBlanc (1968) and Jurging (1971) treat this as a
fairly sensitive species, but Skye (1968), Hawksworth & Rose
(1970) and Baddel ey, et al. (1973*) treat it as noderately
tol erant.

T Rhi zocar pon geographi cum-Ranft (1971) ("a w despread snoke
speci es").

S Rhi zopl aca chrysol euca--Hal e (1982).

S Rhi zopl aca nel anopht hal ma--Hal e (1982).

I

S

Trapel i opsis granul osa--De wit (1976).
Tucker mannopsi s chl orophyl |l a--Wtnore (1985), Ranft (1971),
DeSl oover & LeBl anc (1968).

I Unbilicaria polyphylla--Ranft (1971).

S-1 Usnea filipendul a--Wtnore (1987); DeSLoover & LeBlanc (1968),
Hawksworth & Rose (1970), Marti (1983%).

S Xant hopar nel i a cunberl andi a--Hal e (1981).

I Xant hori a candel ari a--Wtnore (1985); DeSl oover & LeBl anc
(1968). Hawksworth & Rose (1970) placed this species in Zone 2
(sonmewhat tolerant).

S Xant hori a el egans--Hale (1981).

S-1 Xanthoria fallax--Wtnore (1985, 1987, 1988); DeSl oover &

LeBl anc (1968). Both Marti (1983*) and LeBl anc & Rao (1975)
pl aced this species in the nost sensitive of their five ranks,
and Skye (1968*) al so considered it sensitive.

I Xant hori a pol ycarpa--Internedi ate according to Wetnore (1985,
1987, 1988); Skye (1968); and Hawksworth & Rose (1970).
However, LeBlanc & Rao ranked this species as 5 (nost
sensitive), and DeSl oover & LeBlanc gave it a toxiphoby of 7
(fairly sensitive).

Sensitivity to Oxidants

The sensitivities of the follow ng species to oxidants are
ranked according to a nodification of the system of Sigal & Nash
(1983): S= very sensitive, S-I = sensitive, |I-T = noderately
tolerant, T = tolerant.

Al ectoria sarnentosa--Sigal & Nash (1983).

Bryoria abbreviata--Sigal & Nash (1983).

Bryoria frenontii--Sigal & Nash (1983).
Caliciumviride--Sigal & Nash (1983).

Cl adoni a spp.--Sigal & Nash (1983).

Coll ema ni grescens--Sigal & Nash (1983).

Evernia prunastri--Sigal & Nash (1983).

Hypogymmi a i nshaugii--Sigal & Nash (1983) and Nash & Siga
(1979*, 1980*), all as “H enteronorpha”.

Lept ogi um cali forni cum-Sigal & Nash (1983).

Let haria vul pi na--Nash & Sigal (1980*); Sigal & Nash (1983).
-T Mel anelia el egantul a--Sigal & Nash (1983).
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I-T Melanelia glabra--Sigal & Nash (1983).

I -T Melanelia subolivacea--Nash & Sigal (1980*); Sigal & Nash
(1983).

S Parnelia sul cata--Nash & Sigal (1979*, 1980*); Sigal & Nash

(1983).

Par nel i na quercina--Sigal & Nash (1983).

Pel ti gera cani na--Sigal & Nash (1983).

Pel ti gera rufescens--Sigal & Nash (1983).

Phaeophyscia ciliata--Sigal & Nash (1983)

Phaeophysci a orbicularis--Sigal & Nash (1983).

Physci a bi zi ana--Sigal & Nash (1983).

Physcia tenella--Sigal & Nash (1983).

Plati smatia gl auca--Sigal & Nash (1983).

Pseudocyphel | aria ant hraspi s--Si gal & Nash (1983).

Rhi zopl aca chrysol euca--Nash (1976) (NO2).

Tucker mannopsi s canadensi s--Sigal & Nash (1983).

Tucker mannopsis nerrillii--Sigal & Nash (1983).

Usnea spp.--Sigal & Nash (1983).

Xant horia candel ari a--Sigal & Nash (1983).

Xant horia fall ax--Sigal & Nash (1983).

Xant hori a pol ycarpa--Sigal & Nash (1983).
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Sensitivity to Fluorides

T =tolerant, S = sensitive, | = internedi ate.

T Candel ariella vitellina--Perkins & M 1l ar (1987).
S Lecanora pol ytropa--Perkins & MIlar (1987).

I Mel anelia fuliginosa--Perkins & MIlar ( 1987)

I Par nel i a onphal odes--Perkins & M| lar (1987).

S Parnelia sulcata--Perkins & MIlar (1987).

S Rhi zocar pon geographi cum-Martin & Jacquard (1968).

Q her Species Likely to be Sensitive to Various Pol | utants

Based on their growh fornms or the known sensitivities of
ot her nmenbers of the genus, several other species can be expected to
be at | east noderately sensitive to various pollutants:

Ahti ana sphaerosporella

Essli ngeri ana i dahoensi s

Lobaria linita--Qher species of this genus are anong the nost
sensitive |ichens known, in relation to sulfur dioxide.

Nephr oma spp



Pseudephebe spp.--CObservati ons made during the present study
show that although P. m nuscula is still abundant at one site
in the San Gabriel WIlderness, thalli of this species there are
damaged, presumably due to Oxi dant pol |l ution.

Pseudocyphel l aria spp.--Closely related to Lobaria (see above),
and simlar in containing blue-green al gae and havi ng
"br eat hi ng pores".

Unbi licaria spp.--According to Ranft (1971), U. cylindrica

and U. polyphylla are "sligtly sensitive" to SO2' and according
to Sigal (in Lawey, 1984), U nmamul ata showed necrosis when
treated with sinulated acid rain. Likely to be sensitive
because of the foliose growh form




